TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING 
THE SAME 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a dielectric film configxiration of a 
semiconductor device, and more particularly to a semiconductor device having a 
dielectric film formed by performing thermal oxidation on the surface of a single 

10 crystalline substrate. 

Description of the Background Art 

A semiconductor device having an insulated-gate type device such as MOSFET 
and IGBT driven by using field effect includes a gate dielectric film formed on a single 
crystalline substrate such as silicon and a gate electrode formed on the gate dielectric film. 

15 The gate dielectric film exerts a great influence upon the performance of such 
semiconductor device. For achieving stabilized operations of such device, it is 
preferable that the gate dielectric film should have a great resistance to an electric field 
(i.e., have a high dielectric withstand voltage) and should be thin. Therefore, a thermal 
oxide film of imiform properties and thickness is commonly used as such gate dielectric 

20 film. 

For instance, nonimiformity of such gate dielectric film in thickness with even 
one portion being extremely thin will lower the dielectric withstand voltage of the entire 
gate dielectric film. Particularly in recent years, this problem is becoming more serious 
as gate dielectric films are becoming increasingly thinner. 
25 There is a technique of removing irregularities of configuration of a gate 
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dielectric film for increasing the dielectric withstand voltage (e.g., Japanese Patent 
Application Laid-Open No. 1-138760 (1989); pp.2-3. Fig. 1). 

A thermal oxide film used as the gate dielectric film is formed thin on the 
surface of a single crystalline substrate by creating a chemical bond between the surface 
5 of the single crystalline substrate and oxygen by heat treatment in an oxidizing 
environment. That is, the thermal oxide film is generated by a chemical bond between 
oxygen and a substrate material (e.g., silicon), and is thus not formed in a region 
unexposed to the outside of the single crystalline substrate. Further, the thermal oxide 
film is difficult to form in a region where some shield interferes with a sufficient supply 

10 of oxygen or a substrate material to be bonded to oxygen. 

Therefore, when another dielectric film formed in a previous step, for example, 
exists in a region where the thermal oxide film is to be formed, it is difficult to supply a 
substrate material necessary for thermal oxidation in the vicinity of such dielectric film 
formed in the previous step, causing a boundary portion of the thermal oxide film with 

15 respect to the dielectric film to be locally reduced in film thickness. Through the use of 
such thermal oxide film as the gate dielectric film, a high gate dielectric withstand voltage 
is not available, preventing stabilized operations of a semiconductor device, which results 
in degraded operational reliability. 

For instance, in a manufacturing step of a power MOSFET which is one of 

20 insulated-gate type devices, a dielectric film for maintaining a withstand voltage at an 
edge part of a semiconductor chip is formed on a single crystalline silicon substrate, and 
thereafter, a gate dielectric film in contact thereto is formed by thermal oxidation. This 
causes a boundary portion of the gate dielectric film with respect to the dielectric film 
previously formed to be locally reduced in film thickness, resulting in the 

25 above-described problem. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to achieve improved operational reliability 
of a semiconductor device by improving the dielectric withstand voltage of a thermal 
oxide film used as a gate dielectric film or the like. 
5 According to a first aspect of the invention, the semiconductor device includes 

a first dielectric film formed in a first region on a single crystalline substrate and a second 
dielectric film formed in a second region on the single crystalline substrate adjacent to the 
first region. The semiconductor device also includes a predetermined film made of one 
of a polycrystalline material and an amorphous material, formed at the border between the 
10 first and second dielectric films. At least a surface of the predetermined film is 
oxidized. 

According to a second aspect of the invention, a method of manufacturing a 
semiconductor device includes the following steps (a) through (d). The step (a) is to 
form a first dielectric film in a first region on a single crystalline substrate. The step (b) 

15 is to form a second dielectric film by performing thermal oxidation on a sxirface of a 
second region on the single crystalline substrate adjacent to the first region. The step (c) 
is to form a predetermined film made of one of a polycrystalline material and an 
amorphous material at the border between the first and second regions. The step (d) is 
to perform thermal oxidation at least on a surface of the predetermined film. 

20 Degradation in the dielectric withstand voltage at the border between the first 

and second dielectric films is prevented. This contributes to stabilized operations of a 
semiconductor device, for example, including an insulated-gate type device having a gate 
dielectric film as the second dielectric film, which can achieve improved operational 
reliability. The use of an amorphous film as the predetermined film fiirther increases 

25 this effect. 
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Further, an increase in the number of manufacturing steps is minimized as 
compared to a conventional method of manufacturing a semiconductor device. For 
instance, the fomiation of the first dielectric film and the themial oxidation of the 
predetemiined film may be perforaied at the same time. Besides, the formation of the 
5 predetermined film at the same time with the formation of other devices on the substrate 
prevents an increase in the number of manufacturing steps as compared with conventional 
manufacturing steps. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent fi-om the following detailed description of the 
10 present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the structure of a semiconductor device according to a first 
preferred embodiment of the present invention; 
15 Figs. 2A through 3C illustrate manufacturing steps of the semiconductor device 

according to the first preferred embodiment; 

Fig. 4 illustrates the structure of a semiconductor device according to a second 
preferred embodiment of the invention; 

Figs. 5A through 6C illustrate manufacturing steps of the semiconductor device 
20 according to the second preferred embodiment; 

Fig. 7 is an explanatory view of problem encountered in the first and second 
preferred embodiments; 

Fig. 8 illustrates the structure of a semiconductor device according to a third 
preferred embodiment of the invention; 
25 Fig. 9 illustrates the structure of a semiconductor device according to a fourth 
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preferred embodiment of the invention; 

Figs. lOA through lOD illustrate manufacturing steps of the semiconductor 
device according to the fourth preferred embodiment; and 

Figs. 1 1 and 12 illustrate variations of the fourth preferred embodiment. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Preferred Embodiment 

Fig. 1 illustrates the structure of a semiconductor device according to a first 
preferred embodiment of the present invention. A semiconductor device having an 

10 insulated-gate type device is illustrated by way of example. This semiconductor device 
includes a silicon oxide film 2 in a predetermined region on a single crystalline silicon 
substrate 1 . A dielectric film for maintaining a withstand voltage at an edge part of a 
semiconductor chip is an example of the silicon oxide film 2. In a region adjacent to the 
silicon oxide film 2 on the single crystalline silicon substrate 1 , a gate dielectric film 3 is 

15 formed which is a thermal oxide film generated by performing thermal oxidation on the 
surface of the substrate 1 . 

A polycrystalline silicon 5 having an oxidized surface is formed at the border 
between the silicon oxide film 2 and gate dielectric film 3. A reference nvimeral 6 in Fig. 
1 indicates an oxidized portion of the polycrystalline silicon 5 (i.e., silicon oxide film). 

20 That is, the silicon oxide film 6 is obtained by performing thermal oxidation on the 
surface of the polycrystalline silicon 5. A gate electrode 4 is formed on the gate 
dielectric film 3, silicon oxide film 6 and silicon oxide film 2. The silicon oxide film 6 
covers the surface of the polycrystalline silicon 5 and connects the gate dielectric film 3 
and silicon oxide film 2 as shown in Fig. 1. Thus, the single crystalline silicon substrate 

25 1 and gate electrode 4 are insulated fi-om each other by the silicon oxide film 2, gate 
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dielectric film 3 and silicon oxide film 6. 

Hereinafter, manufacturing steps of the semiconductor device shown in Fig. 1 
will be described. First, as shown in Fig. 2A, the silicon oxide film 2 is formed in a 
predetermined region on the single crystalline silicon substrate 1. Formation of a pn 
5 junction for forming a transistor and the like are usually performed before or after this 
step, explanation of which is omitted here and only steps relevant to the present invention 
will be described. 

Next, the surface of the single crystalline substrate 1 is subjected to heat 
treatment in an oxidizing environment so as to be thermally oxidized, thereby forming the 

10 gate dielectric film 3. At this time, the amoimt of supply of silicon fi-om the single 
crystalline silicon substrate 1 in the vicinity of the silicon oxide film 2 is so small that a 
chemical bond between oxygen and silicon is not sufficiently created. This causes a 
boimdary portion of the gate dielectric film 3 with respect to the silicon oxide film 2 to be 
locally reduced in film thickness as shown in Fig. 2B. Conventionally, a gate electrode 

15 is formed directly on the gate dielectric film 3 of this type, causing the dielectric 
withstand voltage at the boundary portion of the gate dielectric film 3 with respect to the 
silicon oxide film 2 to be lowered, resulting in unstabilized device operations. 

In the present embodiment, after the gate dielectric film 3 is formed, the 
polycrystalline silicon 5 is formed on the silicon oxide film 2 and gate dielectric film 3 as 

20 shown in Fig. 2C. Then, as shown in Fig. 3 A, a resist mask 10 is formed above the 
border between the silicon oxide film 2 and gate dielectric film 3, and the polycrystalline 
silicon 5 is selectively etched for patteming using the resist mask 10 as a mask. As a 
result, part of the polycrystalline silicon 5 remains at the border between the silicon oxide 
film 2 and gate dielectric film 3 as shown in Fig. 3B. Thermal oxidation is thereafter 

25 performed on the surface of the polycrystalline silicon 5 as shown in Fig. 3C, thereby 
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forming the silicon oxide film 6. Since the polycrystalline siUcon 5 is oxidized at higher 
speeds than a single crystalline silicon, the silicon oxide film 6 having a sufficient 
thickness and a high dielectric withstand voltage can be obtained through heat treatment 
for a relatively short period of time. 
5 Finally, the gate electrode 4 is formed on the gate dielectric film 3, silicon 

oxide film 6 and silicon oxide film 2 fi-om a predetermined material (e.g., polycrystalline 
silicon, metal, etc.). The semiconductor device structure shown in Fig. 1 is thereby 
obtained. 

As described, according to the present embodiment, the silicon oxide film 6 

10 having a dielectric withstand voltage of sufficient degree is formed to cover the boundary 
portion of the gate dielectric film 3 with respect to the silicon oxide film 2 which is 
locally reduced in thickness. As a result, this prevents degradation in the dielectric 
withstand voltage of the gate dielectric film 3, contributing to stabilized device operations, 
which can achieve improved operational reliability. 

15 Amorphous silicon may be used instead of the polycrystalline silicon 5 formed 

at the border between the silicon oxide film 2 and gate dielectric film 3, having the silicon 
oxide film 6 formed on its surface by thermal oxidation. Since polycrystalline silicon 
has gaps between crystals with crystal grains being nonuniform in size, degradation in the 
dielectric withstand voltage due to nonuniformity in film thickness and cracks easily 

20 occurs in a thermal oxide film to be formed on such polycrystalline silicon. On the other 
hand, since amorphous silicon has no crystal grain, nonuniformity in film thickness and 
cracks are difficult to occur in a thermal oxide film to be formed of such amorphous 
silicon. That is, the use of amorphous silicon instead of the above-described 
polycrystalline silicon 5 allows the silicon oxide film 6 to have excellent film properties, 

25 which can fiirther improve operational reliability of a semiconductor device. 
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Second Preferred Embodiment 

Although the method according to the first preferred embodiment can prevent 
degradation in the dielectric withstand voltage of the gate dielectric film 3, there is a 
5 concem about an increase in the number of manufacturing steps. Thus, the present 
embodiment will describe a semiconductor device that can be formed through a less 
number of steps and is capable of achieving the same effect as in the first preferred 
embodiment, and a method of manufacturing such semiconductor device. 

Fig. 4 illustrates the structure of the semiconductor device according to the 

10 present embodiment. In Fig. 4, the same components as in Fig. 1 are designated by the 
same reference numerals, repeated explanation of which is thus omitted here. The 
structure shown in Fig. 4 differs from that of Fig. 1 in that the gate dielectric film 3 is not 
formed under the polycrystalline silicon 5 and silicon oxide film 6. That is, the 
poiycrystalline silicon 5 has a portion interposed between the silicon oxide film 2 and 

15 gate dielectric film 3 at the border between the silicon oxide film 2 and gate dielectric 
film 3. 

Hereinafter, the manufacturing method of the semiconductor device shown in 
Fig. 4 will be described. Explanation of formation of a pn junction for forming a 
transistor and the like is omitted here and only steps relevant to the present invention will 
20 be described. First, as shown in Fig. 5A, the silicon oxide film 2 is formed in a 
predetermined region on the single crystalline silicon substrate 1 . 

Next, as shown in Fig. 5B, the polycrystalline silicon 5 is formed on the single 
crystalline silicon substrate 1 and silicon oxide film 2. Then, as shown in Fig. 6A, the 
resist mask 10 is formed above the border between the silicon oxide film 2 and a region 
25 where the gate dielectric film 3 is to be formed, and the polycrystalline silicon 5 is 
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selectively etched for patterning using the resist mask 10 eis a mask. As a result, part of 
the polycrystalline silicon 5 remains at the above-described border as shown in Fig. 6B. 

Then, heat treatment is performed in an oxidizing environment to form the gate 
dielectric film 3 on the surface of the single crystalline silicon substrate 1 as well as to 
5 form the silicon oxide film 6 on the surface of the polycrystalline silicon 5, as shown in 
Fig. 6C. At this time, silicon is supplied from both the single crystalline silicon 
substrate 1 and polycrystalline silicon 5 at the border between the region where the gate 
dielectric film 3 is to be formed and polycrystalline silicon 5, which prevents the gate 
dielectric film 3 from being locally reduced in thickness. Further, since the 

10 polycrystalline silicon 5 is oxidized at high speeds, the silicon oxide film 6 can have a 
sufficient thickness and a high dielectric withstand voltage. 

Finally, the gate electrode 4 is formed on the silicon oxide film 2, gate 
dielectric film 3 and silicon oxide film 6 firom a predetermined material. The 
semiconductor device structure shown in Fig. 4 is thereby obtained. 

15 As described, according to the present embodiment, the gate dielectric film 3 

and silicon oxide film 6 are formed in the same step of thermal oxidation, which can 
prevent an increase in the number of manufacturing steps. Further, if it is possible to 
form and pattem the polycrystalline silicon 5 at the same time with a step of forming 
other devices (e.g., Zener diodes using polycrystalline silicon, etc.), the number of 

20 manufacturing steps of the semiconductor device never increases as a whole. 
Furthermore, an edge part of the gate dielectric film 3 can be prevented firom being 
formed locally thin, and the silicon oxide film 6 having a dielectric withstand voltage of 
sufficient degree is formed at the border between the gate dielectric film 3 and silicon 
oxide film 2. This prevents degradation in the dielectric withstand voltage of the gate 

25 dielectric film 3, contributing to improved operational reliability of the semiconductor 
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device. 

Amorphous silicon may also be used instead of the polycrystalline silicon 5 in 
the present embodiment. This allows the silicon oxide film 6 to have excellent film 
properties, which can further improve operational reliability of the semiconductor device. 

5 

Third Preferred Embodiment 

In the first and second preferred embodiments, thermal oxidation is performed 
on the surface of the polycrystalline silicon 5 to form the silicon oxide film 6. The 
polycrystalline silicon 5 under the silicon oxide film 6 in Fig. 4, for example, is of the 

10 same potential as the single crystalline silicon substrate 1. hi this case, there is a 
concern that applying voltage of a predetermined value to the gate electrode 4 may cause 
electric field concentration resulting from the configuration of the polycrystalline silicon 
5, resulting in a degraded gate dielectric withstand voltage. 

Further, in the manufactxiring steps according to the first and second preferred 

15 embodiments, the polycrystalline silicon 5 is formed on the silicon oxide film 2 and is 
thereafter selectively etched for patteming, as shown in Figs. 6A and 6B. At this time, 
the top sxu-face of the silicon oxide film 2 is also selectively etched due to over-etching. 
This creates a step difference on the silicon oxide film 2 at the edge part of the 
polycrystalline silicon 5 in the semiconductor device according to the present invention, 

20 as shown in Fig. 7, and the dielectric withstand voltages of the gate electrode 4 and 
polycrystalline silicon 5 degrade at the step difference. At worst, a gap is generated 
between the silicon oxide films 2 and 6, causing the single crystalline silicon substrate 1 
and gate electrode 4 to become shorted to each other through the polycrystalline silicon 5, 
which results in loss of the function of the gate dielectric film 3. 

25 Therefore, in the present embodiment, the polycrystalline silicon 5 is entirely 
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oxidized in the step of thermal oxidation as described in the first and second preferred 
embodiments. That is, the silicon oxide film 6 is formed not only on the surface of the 
polycrystalline silicon 5 but also in the entire polycrystalline silicon 5. As a result, as 
shown in Fig. 8, the silicon oxide film 6 is formed at the border between the silicon oxide 
5 film 2 and gate dielectric film 3 by performing thermal oxidation on the entire 
polycrystalline silicon 5. 

The polycrystalline silicon 5 entirely becomes the silicon oxide film 6, which 
can solve the above-described problems. That is, electric field concentration is 
prevented, and the gate dielectric withstand voltage does not degrade even if a step 
10 difference is created on the silicon oxide film 2 due to over-etching. 

Although Fig. 8 illustrates the structure where the present invention is applied 
to the second preferred embodiment, it is apparent that the present invention is also 
applicable to the first preferred embodiment as described above. In that case, the silicon 
oxide film 6 is formed in the entire polycrystalline silicon 5 shown in Fig. 1 . 

15 

Fourth Preferred Embodiment 

As described in the third preferred embodiment, in the first and second 
preferred embodiments, the polycrystalline silicon 5 is formed on the silicon oxide film 2 
and is selectively etched for patteming, which results in a step difference on the silicon 

20 oxide film 2 due to over-etching. 

The silicon oxide film 2 is used as a field plate in some cases. Providing the 
polycrystalline silicon 5 of the same potential as the single crystalline silicon substrate 1 
on the top surface of the silicon oxide film 2 as shown in Fig. 4 may exert an adverse 
influence upon the function of the silicon oxide film 2 as the field plate. 

25 Fig. 9 illustrates the structure of a semiconductor device according to the 



12 

present embodiment. In Fig. 9, the same components as in Fig. 1 are designated by the 
same reference numerals, repeated explanation of which is thus omitted here. As 
illustrated, the polycrystalline silicon 5 with the silicon oxide film 6 formed on its surface 
is formed on a side surface of the silicon oxide film 2. 
5 Hereinafter, manufacturing steps of the semiconductor device shown in Fig. 9 

will be described. Explanation of formation of a pn junction for forming a transistor and 
the like is omitted here and only steps relevant to the present invention will be described. 
First, as shown in Fig. lOA, the silicon oxide film 2 is formed in a predetermined region 
on the single crystalline silicon substrate 1 . 

10 Next, the polycrystalline silicon 5 is formed on the single crystalline silicon 

substrate 1 and silicon oxide film 2 as shown in Fig. lOB. The polycrystalline silicon 5 
is then etched back on its entire surface so as to remain only on the side surface of the 
silicon oxide film 2 as shown in Fig. IOC. 

Subsequently, heat treatment is performed in an oxidizing environment to form 

15 the gate dielectric film 3 on the surface of the single crystalline silicon substrate 1 as well 
as to form the silicon oxide film 6 on the surface of the polycrystalline silicon 5, as shown 
in Fig. lOD. At this time, silicon is supplied from both the substrate 1 and 
polycrystalline silicon 5 at the border between the region where the gate dielectric film 3 
is to be formed and polycrystalline silicon 5, which prevents the gate dielectric film 3 

20 from being locally reduced in thickness. Further, since the polycrystalline silicon 5 is 
oxidized at high speeds, the silicon oxide film 6 can have a sufficient thickness and a high 
dielectric withstand voltage. 

Finally, the gate electrode 4 is formed on the gate dielectric film 3, silicon 
oxide film 6 and silicon oxide film 2 from a predetermined material. The semiconductor 

25 device structure shown in Fig. 9 is thereby obtained. 
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As described, according to the present embodiment, the polycrystalline silicon 5 
is not selectively etched but entirely etched back so as to be formed on the side surface of 
the silicon oxide film 2. Thus, no step difference is created on the top surface of the 
silicon oxide film 2. Further, since part of the polycrystalline silicon 5 on the silicon 
5 oxide film 2 is removed, the fimction of the silicon oxide film 2 as the field plate is less 
affected. 

Further, as in the second preferred embodiment, the gate dielectric film 3 and 
silicon oxide film 6 are formed in the same step of thermal oxidation, which can prevent 
an increase in the number of manufacturing steps. Of course, as in the first preferred 

10 embodiment, the polycrystalline silicon 5 and silicon oxide film 6 may be formed after 
forming the gate dielectric film 3. In that case, the device structure is as shown in Fig. 
1 1 . Moreover, as in the first and second preferred embodiments, it is needless to say 
that degradation in the dielectric withstand voltage of the gate dielectric film 3 is 
prevented, contributing to improved operational reliability of the semiconductor device. 

15 Furthermore, as in the third preferred embodiment, the polycrystalline silicon 5 

may be entirely oxidized in the step of performing thermal oxidation on the 
polycrystalline silicon 5. That is, the silicon oxide film 6 may be formed not only on the 
surface of the polycrystalline silicon 5 but also in the entire polycrystalline silicon 5. 
The resulting structure is illustrated in Fig. 12. This prevents electric field concentration, 

20 and fiirther suppresses degradation in the gate dielectric withstand voltage. 

Although the above description has been directed to a single crystalline silicon 
substrate as single crystalline substrate and polycrystalline silicon or amorphous silicon as 
a predetermined polycrystalline or amorphous film by way of example, the present 
invention is not limited to these materials but is widely applicable to other single 

25 crystalline substrate materials and polycrystalline or amorphous materials. 
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While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



